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Section 1:  Introduction 
1.1 Executive Summary 
This report serves as a literature review on the topic of collisions, specifically side 
impacts, on light trucks and passenger vehicles in the state of Ohio and nationally. The primary 
goal is determining the effects of safety standards on a sedan or truck when involved in a fatal 
side impact collision, or “T-bone” collision. A large focus of the report will be on Federal Motor 
Vehicle Safety Standard (FMVSS) 214 and its effect on fatalities of drivers and right front 
passengers (RFP) in light trucks and vans (LTV) and passenger cars. Reports from the National 
Highway Traffic Safety Administration (NHTSA) on various safety measures such as static and 
dynamic testing and side door beams are examined. 
The NHTSA articles provide crash analysis data on a national scale between the 1980’s 
and the early 2000’s. These are used as the comparison for the current crash statistics for the 
state of Ohio from 2014 to 2018. Clear results of improvements are seen by comparing the sets 
of data and proper recommendations for further improvements are discussed at the end. Various 
factors affecting fatality risk are discussed, such as point of impact, type of vehicles involved, 
and vehicle age. Comparing the data from the 90’s to the 2010’s time periods allow for new 
trends and effects of this specific collision in Ohio and nationally to be determined.  
All state of Ohio data comes from the National Highway Traffic Safety Administration’s 
Fatality Analysis Reporting System (FARS) database. The latest fully completed data sets were 
from 2018. So, data spanning from 2014 to 2018 is the main focal point of comparison in this 
report. Only data related to side impact collisions for passenger cars and light trucks are 
evaluated. However, the discussed research is used to evaluate safety standards’ effectiveness, 
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and thus includes data from all 50 states from the late 1980’s, and 1990’s when the standards 
were introduced. 
1.2 Assumptions 
For the purposes of this report, it should be assumed that the terms “sedan” and 
“passenger car” refer to any vehicle definition under Class. ID 1 (Figure 1). These terms will be 
used interchangeably throughout the report. It should be assumed that the term “truck” and “light 
truck” are referring to the same thing. Only light trucks will be discussed in this report since only 
safety research and data related to light trucks and not large trucks was evaluated. Light truck 
refers to any vehicle definition under Class. ID 2 (Figure 1). 
Cumulative raw data tables were created from the National Highway Traffic Safety 
Administration’s (NHTSA) Fatality Analysis Reporting System (FARS). The data was 
reorganized to only include data relevant to passenger cars and light trucks which were involved 
in side impact collisions. Side impact collisions are labeled as “angle” collisions in the tables. 
Only angle collisions which happen at the 3 o’clock and  9 o’clock positions are included in the 
report. The reasoning for excluding other side impact locations, such as 4 o’clock or 2 o’clock 
positions, is because the true effectiveness of side impact safety measures is best seen when an 
impact occurs directly at a 90-degree angle.  
Although data will be presented for both single vehicle and multi-vehicle collisions, only 
data related to single vehicle collisions will be discussed in this report. The reasoning for 
excluding multi-vehicle collisions is because evaluating only single vehicle crashes is the best 
way to determine the effectiveness of FMVSS 214. During safety testing, vehicles are only 
required to pass FMVSS 214 in a single vehicle collision scenario. Since data post 2014 includes 
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vehicles with standards that were not implemented in the literature reviews from pre 2004, it is to 
be expected that there will be improved fatality rates. However, the degree of change of these 
improvements will be a determining factor in deciding what additional improvements can still be 
made. 
1.3 FMVSS 214 
The Federal Motor Vehicle Safety Standards are standards which are to be complied with 
by any vehicle manufacturer in the United States. It is said that FMVSS 214 Side Impact 
Protection is “one of the most important and promising” FMVSS that was put out by the NHTSA 
(Kahane, 1999). The original FMVSS 214 Side Impact Protection was a standard effective in 
1973 that required passenger cars to pass a static crush resistance test (Walz, 2004). In 1990 this 
standard was expanded to include light trucks and was implemented beginning with model year 
(MY) 1994 light trucks and vans (LTV) (Walz, 2004). 
The NHTSA did more than just expand the standard to cover LTV, but they also created 
stricter criteria that manufacturers had to meet. The original FMVSS 214 only required a “static 
crush requirement” which was a test vehicles had to pass to ensure that they were safe enough 
for drivers and right front passengers involved in single-vehicle accidents with stationary objects 
(Walz, 2004). The static test involved driving a steel cylinder into the side doors of vehicles 
where the door had to have specific levels of resistance at various depths of the crush; this test 
resulted in the requirement of side door beams in passenger cars (Walz, 2004). The new FMVSS 
214 still includes the static crush requirement, but since it was expanded to LTV it became a 
requirement that LTV had side door beams beginning in MY 1994 (Kahane, 1999). In addendum 
to the old FMVSS 214 requirements, the NHTSA created a new dynamic test to be included in 
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the updated FMVSS 214 Side Impact Protection. The dynamic test is meant to simulate a side 
impact collision between two vehicles at a 90-degree angle (Kahane, 1999).  
The dynamic test is carried out using a moving deformable barrier (MDB) which can 
accurately simulate a 90-degree collision between two vehicles (Kahane, 1999). The test uses 
side impact dummies (SID) to determine the thoracic trauma index (TTI) that vehicle 
manufacturers must meet (Kahane, 1999). TTI is the measurement of trauma on a passenger in a 
collision, during testing TTI(d) is the score measured on the dummy (Kahane, 1999). Through 
this new dynamic test, the NHTSA determined padding is one additional vehicular modification 
that should be required in FMVSS 214 to reduce the TTI. Padding can be added to reinforce the 
side door structures and can absorb large amounts of energy upon impact (Kahane, 1999). 
Several years later, another addendum to FMVSS 214 was to include an “oblique 20 mph 
side impact test with a pole” which was initiated between 2011 and 2015 MY vehicles (Kahane, 
2014). Another change the NHTSA began to encourage but never required is installing “torso 
bags and head air bags” in hopes to lower TTI(d) (Kahane, 2007). Both of these improvements 
can reduce fatality risk in side impacts by lowering the TTI(d), increase energy absorption and 
intrusion resistance. Data from 2014 to 2018 will be based on vehicles that follow these two 
additional improvements and will have an effect on how much fatality risk has changed since the 
original FMVSS 214.
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Section 2: FMVSS 214 Effects On Trucks 
2.1 Literature Review: 2004 Report by Marie C. Walz 
 This section will be a review of Walz’s report titled “Evaluation of FMVSS 214 Side 
Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors” from 2004. 
The report consists of fatality analysis results of front outboard occupants during a side impact 
versus a frontal impact, and vehicle exposure crash rates. Both the fatality analysis and the 
vehicle exposure rates are compared to four years before and after the implementation of side 
door beams in light trucks. It should be noted that this 2004 report only discusses the data related 
to the side door beam revision of FMVSS 214 and not the other aspects of the safety standard. 
According to Walz, three types of analysis were done to the data before 1994 and after 
1994. The first technique was to compare the ratio between frontal impacts and side impacts of 
trucks with and without the side door beams (Walz, 2004). The second method was creating a 
ratio between the side impact fatalities and vehicle registration before and after the FMVSS 214 
revision (Walz, 2004). Lastly, the most accurate method used was the regression analysis. The 
regression analysis was able to take other vehicle characteristics into consideration when 
comparing fatalities before and after the FMVSS 214 revision (Walz, 2004). For example, the 
regression model could sort and analyze larger amounts of data quickly while also considering if 
the trucks did or did not have airbags, or whether the vehicle age was a factor of the fatality 
(Walz, 2004). 
 In this side door beam study, only 12 o’clock frontal impacts were considered. So, it was 
most likely guaranteed that the side door beams had no impact on the outcome of this type of 
crash (Walz, 2004). Frontal impacts were compared with a wider range of side impacts at “the 2, 
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3, 4, 8, 9 and 10 o’clock positions” (Walz, 2004). A wider range was considered for side impacts 
since the side door beams would have a significant role in the outcome of these collisions (Walz, 
2004). Additionally, the data was separated based on passenger position in relation to the 
location of the impact. This allowed the results to show whether side door beams had any impact 
on passengers or drivers when hit on the opposite side of where they were seated; they would be 
considered a “farside occupant” (Walz, 2004). 
2.1.1 Fatality Analysis 
Each data point in Table 2, Table 3, and Table 4 represents a fatality for all front 
occupants, drivers only, and RFP only, respectively. The effectiveness of the use of side door 
beams is calculated within the tables as well. After comparing the results in all three tables, a 
conclusive result was determined by Walz. Based on the effectiveness rates it is clear that side 
door beams are “best at protecting the occupant closest to it.” (Walz, 2004). This is especially 
clear for drivers only due to an adequate amount of data being available. However, the results are 
inconsistent for RFP due to an insufficient amount of data available (Walz, 2004). Comparing 
the data from four years before and four years after the implementation of side door beams, there 
is a clear reduction in fatalities in drivers and all front outboard occupants in side impacted 
collisions (Walz, 2004). 
2.1.2 Vehicle Exposure Crash Rates 
The data in Table 5, Table 6, and Table 7 show vehicle exposure crash rates for all front 
occupants, drivers only, and RFP only, respectively. Each table has fatalities for each respective 
category for up to four years before and after the implementation of side door beams in light 
trucks. The fatality rate per 1,000 registered vehicles is included along with the effectiveness rate 
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and significance test results. A significance test is used to determine if the effectiveness of side 
door beams was legitimate or possibly just a coincidence. The statistically significant values are 
marked in the tables with a single asterisk.   
Notable improvements were made within the first year of side door beam installation for 
all occupants, and within all four years for drivers only. Within the first year “fatalities were 
reduced a statistically significant 16 percent” for all front seat occupants within the FMVSS 214 
amendment for light trucks (Walz, 2004). Statistically significant decreases “ranging from 22 to 
30 percent” occurred in each of the four years after beam installation for drivers only (Walz, 
2004). These significant values were compared to frontal crash fatalities to determine if the 
changes in fatality coincided or were due to the FMVSS 214 amendment. It was found that 
“changes in single vehicle frontal fatality rates never exceeded ± 8 percent” (Walz, 2004). 
Therefore, it can be concluded that the implementation of side door beams in light trucks was a 
significant factor in reducing the overall fatality rate in side impact collisions. 
2.1.3 Regression Analysis 
 Another factor that has an impact on fatality rate is vehicle age. Vehicle age can be 
included in a regression analysis to produce more accurate results and expand the number of 
vehicles used for the analysis. Through the regression analysis, it was confirmed again that 
drivers only saw the greatest reduction in fatalities in side impact crashes, and all front occupants 
saw lesser improvements too. For nearside and farside crashes, side door beams directly caused a 
“fatality reduction…of 19 percent for both drivers alone and for all front outboard occupants,” 
and for only nearside impacts there was a reduction of “26 percent for drivers alone,” and “25 
percent for all front outboard occupants,” (Walz, 2004). 
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Section 3: FMVSS 214 Effects On Passenger Cars 
3.1 Literature Review: 1999 Report by Charles J. Kahane, Ph.D. 
This section will be a review of Kahane’s report titled “Evaluation of FMVSS 214 – Side 
Impact Protection: Dynamic Requirement” from 1999. The report consists of an analysis of 
TTI(d) for front seat occupants compared to real fatalities in passenger cars on highways from 
before and just after the FMVSS 214 amendment. The FMVSS 214 amendment required that 
vehicles be tested against a MDB with a passing TTI(d) in order to be acceptable for the public. 
The test is simulated to imitate a side impact by another passenger car or an object of lesser 
weight. 
Thoracic Trauma Index (TTI) is what is measured in actual crashes whereas TTI(d) is 
what is measured on dummies during crash testing. A special dummy made for testing only 90-
degree side impacts is used for the new FMVSS 214 test. Prior to the FMVSS 214 amendment, 
structure and padding of were two technologies used to reduce TTI(d) (Kahane, 1999). New 
technology that has helped to reduce TTI(d) are airbags and side door beams in all vehicles. 
Kahane concludes that “the lower the TTI(d), the lower the fatality risk” especially for side-
impact collisions in 2-door cars (Kahane, 1999). The FMVSS 214 amendment requires that 
TTI(d) be 90 or less for 2-door sedens and 85 or less in 4-door sedans (Kahane, 1999). 
3.1.1 Effect of TTI(d) By Impact Location 
 There are two components that act when a car is in a side impact collision. These 
components are “intrusion resistance and energy absorption” (Kahane, 1999). Intrusion 
resistance is opposition to an object when it hits the side compartment where the car is likely to 
indent and contact the occupant inside. Energy absorption is used to reduce the risk of harm to 
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the occupant at any time. During a side impact that is directly centered at the 3 or 9 o’clock 
positions, both of these components are acting to the fullest extent. However, if the side impact is 
off-centered, then energy absorption will act more than the intrusion resistance. The TTI(d) 
during an off-centered collision will be a lot higher since TTI(d) is correlated to intrusion 
resistance and energy absorption (Kahane, 1999). A 90-degree side impact in a car with good 
intrusion resistance and energy absorption will have a better TTI(d) (Kahane, 1999). 
 Table 8 and Table 9 show how the location of an impact affect the TTI(d) rating in 2-
door and 4-door cars, respectively. Statistically significant numbers are indicated in each table, 
meaning a significant number will determine if a good TTI(d) score is related to reduced fatality 
risk. It can be seen that there are many significant numbers in Table 8 for 2-door cars and there 
are no significant numbers in Table 9 for 4-door cars. So, it can be concluded that “good TTI(d) 
score is associated with reduced fatality risk in both nearside and farside impacts of 2-door cars,” 
however, this is not the case for 4-door cars (Kahane, 1999).  
3.1.2 Effect of TTI(d) By Type of Vehicle/Object 
 The TTI(d) can vary based on the object impacting the side of a car. It is important for a 
vehicle to maintain a good TTI(d) score when coming in contact with a fixed object, or another 
vehicle such as another car or light truck. Looking at Table 10, it can be seen that for 2-door cars 
there is a strong correlation of TTI(d) with other passenger cars, and less so with light trucks 
(Kahane, 1999). Meaning the car performed more closely to the FMVSS-214 dynamic test when 
colliding with another passenger car rather than a light truck. 
 The same regression analysis performed for 2-door cars was performed with 4-door cars 
shown in Table 11. There were not any statistically significant values found when 4-door cars 
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were side impacted by any type of object. Although there are significant values for 2-doors, it is 
necessary to create improvements in 4-door passenger cars in order to have a stronger correlation 
to TTI(d).  
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Section 4: FMVSS 214 Effectiveness 10 Years Later 
4.1 Overview 
Using FARS Encyclopedia data tables, Table 1 was created. This table shows data 
pertaining to fatal crashes in the state of Ohio involving passenger cars and light trucks in side 
impacted collisions. The rate of side impact collisions for passenger cars only and light trucks 
only in Ohio was calculated using the total fatal crashes and using the total fatal crashes due to 
side impacts. The goal of evaluating data 10 years after the FMVSS 214 phase-in, is to see if the 
rate of fatalities caused by side impacts decreases from the rates found in the older NHTSA 
reports due to the safety standard.  
4.2 Fatality Analysis For Passenger Cars  
According to Kahane, approximately 33% of national fatalities were due to side impacted 
collisions for passenger cars prior to the FMVSS 214 addendums in 1994 (Kahane, 1999). Due 
to the TTI(d) standards changing, a 23 percent “fatality reduction in side impacts” had occurred 
for passenger cars. So, post FMVSS 214 changes in 1994, the fatality rate of side impacts in 
passenger cars was 24.75%. Looking at the fatality rates found in Table 1, it seems that there is 
an increase in fatality rates in years 2014 through 2016. The fatality rate is the same in 2017 as in 
post 1994 years and the rate is lower in 2018. Despite at least two additional requirements, a new 
test and airbags, there is overall no improvement in fatality rates 10 years later. 
4.3 Fatality Analysis For Light Trucks 
Based on FARS data tables, there was approximately a 17% to 20% fatality rate for light 
trucks involved in side impacts during the years right after the FMVSS 214 phase-in. Looking at 
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Table 1, there is an increase in fatality rate between 2014 to 2016. In 2017 and 2018 there is a 
reduced fatality rate. Similar to the passenger car data, there seems to be no significant 
improvements in fatality rates despite there being new safety requirements implemented. 
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Table 1. Fatal Crash Rates, By Vehicle Type, State: Ohio, Years: 2014 to 2018 
  Total Fatal Crashes* Side Impact Fatal Crashes** Rate of Side Impact Fatalities 
Year Passenger Cars Light Trucks Passenger Cars Light Trucks Passenger Cars Light Trucks 
2014 626 494 211 107 34% 22% 
2015 684 562 279 188 41% 33% 
2016 706 553 316 206 45% 37% 
2017 748 567 190 107 25% 19% 
2018 650 556 144 79 22% 14% 
 
*Source: (FARS Encyclopedia: Trends-General)  
**Source: (FARS Encyclopedia: Vehicles - Light Trucks) and (FARS Encyclopedia: Vehicles – Passenger Cars)
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Section 5: Conclusions and Recommendations 
5.1 Conclusions 
 Kahane and Walz both put together comprehensive reports discussing FMVSS 214 
standards and their effects on various types of vehicles. Walz’s report on “Crush Resistance 
Requirements” was proof of the improvements that simple safety measures can make. Aside 
from airbag requirements, adding side door beams to light trucks was one of the single greatest 
changes to date has saved thousands of lives. Side door beams improved fatality rates in light 
trucks immediately after implementation occurred in 1994 by upwards of 30 percent in some 
years.  
From Kahane’s “Dynamic Performance Requirement” report dated in 1999, it is clear 
that 2-door cars and 4-door cars act differently when impacted by different objects. There is 
optimum energy absorption and intrusion resistance when either type of vehicle is impacted from 
the side. However, improvements to 4-door cars in all scenarios and 2-door cars when impacted 
by a light truck must be made to reduce fatality risk.  
Based on current data pulled from Ohio in 2014 to 2018, it is clear that further analysis 
needs to be completed. There must be factors other than side door beams, airbags, and crash 
testing that have contributed to an increased likelihood of dying in a side impact crash. The fact 
that there was limited data during the time of the NHTSA reports could be causing unrealistic 
numbers to be used as comparison for this report. For example, the 33% statistic for side impact 
fatalities, from Kahane, may actually be higher due to underreporting during that time period. In 
that case, there has still been little to no improvements in the current data. After 1994, the 
NHTSA started becoming diligent in recording crash stats so the data from their reports prior to 
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1994 may not be the full picture. Another possibility could be that Ohio naturally has higher 
fatality rates for side impact collisions than the national average. 
In conclusion, the FMVSS 214 had significant impacts on the data at the time of its 
phase-in for passenger cars and LTV. However, due to possibly incomplete or missing data from 
the late 1980’s and the 1990’s, it is hard to tell whether side impact fatality rates have improved 
since then. More conclusive results could be determined in a future report which compares data 
from 2000 to 2020 and nationally rather than just the state of Ohio. 
5.2 Recommendations 
Based on the conclusions  in Kahane’s report on “Dynamic Performance Requirement,” I 
would recommend improving the dynamic testing to be customized specifically for 2-door cars 
and 4-door cars. Realistically, 2-door and 4-door vehicles should have to pass different TTI(d) 
values in different scenarios such as impact by a fixed object, a passenger car, and a light truck. 
Since each type of vehicle is structurally built different, changing the TTI(d) to be realistic to 
different types of impacts would be common sense. By having more customized testing based on 
the type of vehicle and impact objects, I believe that this will allow each type of vehicle to be 
built to its own optimum potential to reduce fatality risk in various scenarios. 
Another report should be completed which compares national data from 2000 to 2020, or 
only compare data for the state of Ohio from 2000 to 2020. A wider range of data will give more 
conclusive and accurate results and would allow for more specific recommendations to be made. 
However, based on the high fatality rates for side impacts in Ohio over the past several years, it 
is clear that changes need to be made. A determination of the causes of side impacts would be an 
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ideal study so that safety measures or changes in law could be made to address the causes 
specifically. 
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Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2a. 
Table 2. Front Outboard Occupant Fatalities, Side vs Frontal Comparisons 
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Table 2 Continued. Front Outboard Occupant Fatalities, Side vs Frontal Comparisons   
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2a Continued. 
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Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2b. 
Table 3. Driver Fatalities Only, Side vs Frontal Comparisons, One to Four Years Before and After Beams Installed 
Section 7: Appendix 
Side Impact Collisions: Trucks Versus Sedans   22 
Table 3 Continued. Driver Fatalities Only, Side vs Frontal Comparisons, One to Four Years Before and After Beams Installed   
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2b Continued. 
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Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2c. 
 
Table 4. RF Passenger Fatalities Only, Side vs Frontal Comparisons, One to Four Years Before and After Beams Installed 
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Table 4 Continued. RF Passenger Fatalities Only, Side vs Frontal Comparisons, One to Four Years Before and After Beams Installed   
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 2c Continued. 
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Table 5. Front Outboard Occupants, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3a. 
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Table 5 Continued. Front Outboard Occupants, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3a Continued. 
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Table 5 Continued. Front Outboard Occupants, Vehicle Exposure Crash Rates, 1989 through 2000 
 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
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Table 6. Drivers, Vehicle Exposure Crash Rates, 1989 through 2000 
  
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3b. 
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Table 6 Continued. Drivers, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3b Continued. 
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Table 6 Continued. Drivers, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
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Table 7. RF Passenger Fatalities, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3c. 
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Table 7 Continued. RF Passenger Fatalities, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3c Continued. 
 
Section 7: Appendix 
Side Impact Collisions: Trucks Versus Sedans   33 
Table 7 Continued. RF Passenger Fatalities, Vehicle Exposure Crash Rates, 1989 through 2000 
 
Source: Walz, Marie C. “Evaluation of FMVSS 214 Side Impact Protection for Light Trucks: Crush Resistance Requirements for Side Doors.” NHTSA, USDOT, 
Feb. 2004, Exhibit 3c Continued. 
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Table 8. TTI(d) and Fatality Risk Based on Location of Impact For 2-Door Cars 
 
Source: Kahane, Charles J. “Evaluation of FMVSS 214 Side Impact Protection Dynamic Performance Requirement.” NHTSA, USDOT, Oct. 1999, Table 6-1.
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Table 9. TTI(d) and Fatality Risk Based on Location of Impact For 4-Door Cars 
 
Source: Kahane, Charles J. “Evaluation of FMVSS 214 Side Impact Protection Dynamic Performance Requirement.” NHTSA, USDOT, Oct. 1999, Table 6-2.
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Table 10. TTI(d) and Fatality Risk Based on Type of Object For 2-Door Cars 
 
Source: Kahane, Charles J. “Evaluation of FMVSS 214 Side Impact Protection Dynamic Performance 
Requirement.” NHTSA, USDOT, Oct. 1999, Table 6-3.
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Table 11. TTI(d) and Fatality Risk Based on Type of Object For 4-Door Cars 
 
Source: Kahane, Charles J. “Evaluation of FMVSS 214 Side Impact Protection Dynamic Performance 
Requirement.” NHTSA, USDOT, Oct. 1999, Table 6-4. 
